Neuroimaging of vestibular schwannoma was performed with the fat-suppression spoiled gradient re called acquisition in the steady state (SPGR) method and magnetic resonance (MR) cisternography, which is a fast spin echo method using a long echo train length, for the preoperative evaluation of the lateral extension of the tumor in the internal auditory canal, and the anatomical identification of the posterior semicircular canal and the nerves in the canal distal to the tumor. The SPGR method overestimated the lateral extension in eight cases, probably because of enhancement of the nerves ad jacent to the tumor in the canal. The posterior semicircular canal could not be clearly identified, and the cranial nerves in the canal were shown only as a nerve bundle. In contrast, MR cisternography showed clear images of the lateral extension of the tumor and the facial and cochlear nerves adjacent to the tumor in the internal auditory canal. The anatomical location of the posterior semicircular canal was also clearly shown. These preoperative findings are very useful to plan the extent to which the internal auditory canal can be opened, and for intraoperative identification of the nerves in the canal. MR cisternography is less invasive since no contrast material or radiation is required, as with thin-slice high-resolution computed tomography (CT). MR cisternography should replace high-resolution CT for the preoperative neuroradiological evaluation of vestibular schwannoma.
We describe our method of magnetic resonance (MR) cisternography using a long echo train length fast spin echo methods5) for the preoperative evalua tion of vestibular schwannoma and for the determi nation of the surgical strategy. The findings of three-dimensional fat-suppression fast spoiled gradient recalled acquisition in the steady state (SPGR) MR imaging with gadolinium diethylenetriaminepenta-acetic acid (Gd-DTPA) ad ministration, and MR cisternography using a long echo train length fast spin echo method were eval uated. All scans were performed with a GE Signa Advantage 1.5 tesla MR imaging unit (GE Medical Systems, Milwaukee, Wis., U.S.A.). The parameters of fast SPGR MR imaging were repetition time (TR)/echo time (TE) = 13.9/2.2 msec, and the thick ness of slices was 1.0 mm with a slice gap of 0 mm. After precontrast imaging, Gd-DTPA (0.2 ml/kg) was injected, and postcontrast MR imaging was performed. We previously reported the importance of the sig moid-fundus line for the identification of the open ing of the internal auditory canal by high-resolution computed tomography (CT).11) The length of the in ternal auditory canal was defined as the distance from the porus to the fundus. The porus was set on the line which connected the inner and outer pe trous ridges. The length of the internal auditory canal was divided into three parts, medial, middle, and lateral, to assess the lateral extent of the tumor. Both MR imaging methods were used to evaluate identification of the posterior semicircular canal, visualization of the facial nerve distal to the lateral end of the tumor in the internal auditory canal, and the agreement between MR imaging and surgical findings of the lateral extent of the tumor in the in ternal auditory canal. (Fig. 1 upper) . However, the lateral extension of the tumor was unclear, and the affected nerve in the internal auditory canal could not be identified, only the nerve bundle (Fig. 1 lower) . The posterior semicircular canal was not identified. MR cister nography clearly delineated the whole tumor and the intracanalicular portion of the tumor (Fig. 2 up per). The facial and cochlear nerves distal to the tumor in the internal auditory canal, and the lateral extent of the tumor were also clearly visualized. The posterior semicircular canal was clearly identified, and the sigmoid-fundus line was easily obtained (Fig. 2 middle) . The normal cranial nerves, internal auditory canal, cochlear nerve, and labyrinth in the contralateral side are also shown (Fig. 2 lower) for comparison.
Results

MR
Surgical findings obtained through a right suboccipital transmeatal approach were ex actly the same as the results of preoperative MR cisternography, and the facial and cochlear nerves were preserved. Case 2: A 27-year-old female presented with a huge left cerebellopontine tumor with peripheral en hancement (Fig. 3 upper) . SPGR MR imaging with Gd showed part of the tumor in the internal audi tory canal. However, the lateral extent of the tumor could not be clearly determined. MR cisternogra phy showed a tumor with intratumoral hemorrhage, and clearly visualized the extension in the internal auditory canal of the tumor (Fig. 3 lower) . The facial and cochlear nerves were identified at the distal part of the tumor in the canal. The posterior semicircular canal was also well delineated. The sigmoid-fundus line was identified showing that the internal auditory canal could be opened without any damage to the posterior semicircular canal. During surgery, the facial nerve was easily identi fied in the position corresponding to the MR cister nography results and the nerve was preserved, al though no recovery of hearing acuity was obtained. Case 3: A 45-year-old female presented with a left vestibular schwannoma with marked lateral exten sion on SPGR MR imaging with Gd (Fig. 4 upper) . MR cisternography showed that the tumor com pletely occupied the internal auditory canal and that the lateral extension reached the fundus (Fig. 4 low  er) . However, MR cisternography did not show the nerves in the internal auditory canal. The sigmoid fundus line was identified and the posterior semi circular canal was located on that line. The benefits of the fast spin echo method adopted in this study are that a heavily T2-weighted image is available within a very short time by shortening the echo train length. Removal of the intracanalicular portion of the tumor with preservation of the cochlear nerve11) re quires identification of the intracanalicular facial and cochlear nerves. Preoperative neuroradiological imaging can be used to determine the extent to which the internal auditory canal should be reduced and whether this can be achieved without damage to the posterior semicircular canal. The anatomical lo cation of the posterior semicircular canal is the limiting factor which determines whether the canal can be safely opened.1,4,11) We previously reported the importance of the sigmoid-fundus line using high-resolution CT to evaluate the anatomical loca tion of the labyrinth.11) Although this method delineates the labyrinth, scanning with very thin slices (1.5 mm) is necessary, which is associated with a significant amount of radiation exposure compared to routine CT. Preoperative MR cister nography can provide this information more ac curately than high-resolution CT, and no radiation exposure is required.
Inflamed neural structures are enhanced by Gd DTPA.6-8) Bell's palsy and other inflammatory con ditions induce enhancement of the facial nerve.7,8) Moreover, even the normal nerve shows variable enhancement on T1-weighted MR imaging. En hanced neural structures in the internal auditory canal may be due to nerve edema, increased vas cularity, or alteration of vascular permeability,8,10) all of which may occur adjacent to tumors.6) Such manifestations could explain the overestimation of the lateral extension of the vestibular schwannoma in the internal auditory canal in our present study. Details of the posterior semicircular canal could not be obtained by SPGR MR imaging. 
